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(54) LIQUID CRYSTAL DISPLAY ELEMENT 

(57)Abstract: 

PURPOSE: To obtain excellent display performance 
which provides a high contrast ratio and a wide visual 
angle by providing a light shielding part which covers 
the corner part of a picture element on the rubbing 
start side of an active element substrate. 
CONSTITUTION: The tilt reverse of a picture 
element end part 1 is caused by the correlation 
between the orienting direction of liquid crystal 
molecules 31 and the electric field between matrix 
wiring 13 and a picture element electrode 12, so it is 
closely relative to the rubbing direction of the active 
element substrate 14 and increases toward the 
rubbing start side of the picture element electrode 1 2. 
When the light shielding part 19 is arranged, it is 
provided large in this direction. Consequently, even 
when a signal voltage is varied from 1V to 5V ( i.e., 
from white to black, 'the tilt reverse of the picture 
element end part' is not observed in a display area at 
all and the extremely excellent display performance is 
obtained which provides the high contrast ratio and wide visual angle. 
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(Embodiments) 

In the following, the present invention will be described in detail, 
referring to the drawings. 

Fig. 1 shows an embodiment of the invention defined by Claim 1. 
Fig. 1(a) schematically represents a sectional view of the embodiment. 
Both TFT ' s used as a plurality of active elements (11) and pixel 
electrodes (12) connected thereto, which have an approximately 
rectangular shape and are made of, e.g., ITO are disposed on a glass 
substrate (10), as shown in Fig. 1(a). Conductor lines (13) consisting 
of gate lines and signal lines are fabricated in the form of matrix 
around the active elements (11) and the pixel electrodes (12) so as to 
form an active element substrate (14). On the other hand, a counter 
substrate (17) is constituted by forming common electrodes (16) made of, 
e.g., ITO on the whole surface of a glass * substrate (15). Moreover, on 
the main surface on which the active elements are formed in the active 
element substrate (14), an orientation layer (18) made of, e.g., a low 
temperature cure type polyimide (PI) is entirely formed. On the main 
surface on which the common electrode (16) is formed in the counter 
substrate (17), a light intercepting part (19) made of, e.g., Cr 
(chromium) at a 0.15 ^im thickness in the form of a grid black matrix and 
an orientation layer (20) made of, e.g., a low temperature cure type 
polyimide, said layer covering the whole surface of the light 
intercepting part, are sequentially formed. On these main surfaces each 
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including either the active element substrate (14) or the counter 
substrate (17), the respective orientation layers (18) and (20) are each 
rubbed in a predetermined direction by a cloth or the like, so that 
these orientation layers can be aligned in such a way that the angle 
between the orientation axes of the orientation layers (18) and (20) 
becomes approximately 90°. A liquid crystal composition (21) is 
interposed between the active element substrate (14) and the counter 
substrate (17). In the case of assembling both the active element 
substrate (14) and the counter substrate (17), the respective rubbing 
directions for the orientation layers (18) and (20) are selected such 
that the well-visible direction is aligned to be in the frontal 
direction. Polarizing plates (22) and (23) are respectively disposed on 
the other main surfaces which are respectively positioned on the 
opposite sides to the main surfaces each including either the active 
element substrate (14) or the counter substrate (17). The illumination 
can be carried out on the side of the other main surfaces opposite to 
the main surfaces each including either the active element substrate 
(14) or the counter substrate (17). 

Fig. 1(b) is a schematic plan view of the active element (14) 
facing the light intercepting part (19). In the active element 
substrate, the gate line (24) indicated by a dotted line and the signal 
line (25) indicated by a solid line, both lines constituting the 
conductor lines in the form of matrix, are arranged to be perpendicular 
to each other, as can be seen in Fig. 1(b). An area enclosed by the 
matrix-shaped conductor lines (13) corresponds to a pixel in which the 
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active element (11) and the pixel electrode (12) are disposed. In this 
case, a gate line (24) serves as a line for supplying a scanning signal 
to, for example, the gate of the active element (11), and a signal line 
(25) serves as a line for supplying an image signal to, for example, the 
drain (or the source) of the active element (11). The light 
intercepting part (19) overlaps not only the active element (11) and the 
matrix-shaped conductor lines (13), but also a corner (27) positioned at 
the start point of rubbing for the pixel electrode (12) in the rubbing 
direction (26) on the side of the active element substrate (14). 
Specifically, the length between a corner corresponding to the bent 
position of the signal line (25) and the end of the light intercepting 
part (19) overlapping the pixel electrode (12) is set to be 30 ^ia. 

Fig. 2 is a partial sectional view showing the mechanism of 
generating the phenomenon referred to as "the tilt reverse in an edge of 
a pixel" (a fault in the orientation of liquid crystal molecules). In 
Fig. 2, it is assumed that "the tilt reverse in an edge of a pixel" 
results from the application of an electric field in the direction 
against the pre-tilt for the liquid crystal molecules (31) to a portion 
(30) corresponding to the rubbing start direction in the active element, 
substrate (14). This fact will be further described in detail. Firstly, 
in the operation mode, an electric field (32) applied between the 
matrix-shaped conductor line (13) and the pixel electrode (12) in the 
lateral direction approximately parallel to the glass substrate (10) 
forces to align the liquid crystal molecules (31) in an orientation 
direction, which is different from the initial orientation direction. 



- 4 - 



Hence, a stress is generated at such a position and an elastic energy is 
concentrated therein. The mutual interaction between the liquid crystal 
molecules (31) causes the strain energy to extend into the inside of the 
pixel, and therefore produces an area in which the arrangement of the 
molecules is different from that in the most areas in the pixel. This 
fact results in the phenomenon "the tilt reverse in an edge of a pixel". 
A disclination line appears on a boundary between such an area and the 
normal operation area, thereby causing a bright line to be produced in 
display. 

Fig. 3 is a schematic plan view of the area in which the above 
described phenomenon "the tilt reverse in an edge of a pixel" occurs in 
a pixel. As can be seen in Fig. 3, "the tilt reverse in an edge of a 
pixel" can hardly extend over the whole areas of the pixel electrode 
(12), but rather occurs only a restricted area (33). The size of the 
area depends on the material of the orientation layer (18) and, in the 
case of a low temperature cure type PI, it extends over about 20 [m from 
the corner (28) at which the signal line (25) is bent in the L-shaped 
form. The extension of the area hardly occurs. On the other hand, the 
area of "the tilt reverse in an edge of a pixel" also depends on the 
distance between the edge of the signal line (25) and the pixel 
electrode (12). As a matter of course, this is due to the fact that the 
electric field between the signal line (25) and the pixel electrode (12) 
induces the generation of "the tilt reverse in an edge of a pixel". In 
accordance with the inventor's experiments, it is found that, if the 
distance of extension becomes greater than 10 jim, the size of the area 
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in "the tilt reverse in an edge of a pixel" decreases. 

Since the phenomenon "the tilt reverse in an edge of a pixel" is 
generated due to the correlation between the orientation direction of 
the liquid crystal molecules (31) on one hand and the electric field 
between the matrix-shaped conductor lines (13) and the pixel electrode 

(12) on the other hand, it strongly depends on the rubbing direction on 
the side of the active element substrate (14) and the area increases on 
the side in the rubbing start direction of the pixel electrode (12). 
This is due to the fact that the largest angle occurs between the 
orientation direction of the liquid crystal molecules and the direction 
of the electric field applied between the matrix-shaped conductor line 

(13) and the pixel electrode (12) at the area. In other words, this is 
due to the fact that the largest strain resulting from the concentrated 
elastic energy occurs at the area. Taking this fact into account, the 
most part of the light intercepting portion (19) is arranged such a 
manner that it covers the direction corresponding to the area. In 
accordance with the obtained result, even if the signal voltage was 
varied from 1 V corresponding to white to 5 V corresponding to black, 
the phenomenon "the tilt reverse in an edge of a pixel" could not be 
observed, so that a very excellent quality of display could be obtained, 
i.e., the contrast ratio being from 80:1 to 100:1; and the visible angle 
in the field of view being ±45°. 

In the above embodiment, the light intercepting part (19) is 
disposed on the side of the counter substrate (17). The same . 
performance can also be obtained, if the light intercepting part (19) is 
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disposed on the side of the active element substrate (14) via an 
insulation layer (40), as shown in Fig. 4. In the case of mounting the 
light intercepting part (19), it is preferable that the edge of the part 
covering the corner (27) in the light intercepting part (19) should be 
substantially perpendicular to the rubbing direction (26) in order not 
to greatly reduce the magnitude of aperture, as shown in Fig. 1(b). 

Fig. 5 is another embodiment of the invention defined by Claim 2, 
where the same symbols are assigned to the same functional elements as 
those in Fig. 1. This embodiment is different from the first embodiment 
shown in Fig. 1, regarding the shape of the pixel electrode (12). This 
difference will be described, referring to a plan view of Fig. 5, in 
which the state of the active element substrate (14) facing the light 
intercepting part (19) is shown. The shape pf the pixel electrode (12) 
is approximately rectangular. However, there is no portion, which 
corresponds to the corner (27) at the position of rubbing start for the 
pixel electrode (12) in the rubbing direction (26) on the side of the 
active element substrate (14) shown in Fig. 1(b). Thereby, the distance 
between the corner (28) at which the signal line (25) is bend in the 
form of L shape and the position at which the pixel electrode (12) is 
lack of the above-mentioned corner is set to be 15 |Aia. 

In this embodiment, the distance between the corner (28) and the 
pixel electrode (12) in the rubbing direction (26) is selected to be 
greater than 15 jim, in stead of the structural arrangement where the 
area in which "the tilt reverse in an edge of a pixel" is generated is 
shielded in display by the light intercepting part (19). In other words, 
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the electric field generating from both the signal line (25) and the 
pixel electrode (12) has a decreased intensity in the area where "the 
tilt reverse in an edge of a pixel" normally takes place , thereby 
enabling the phenomenon "the tilt reverse in an edge of a pixel" to be 
greatly suppressed. As a result, "the tilt reverse in an edge of a 
pixel" cannot be found in display, similarly to the case in the 
embodiment shown in Fig, 1. In fact, it is found that "the tilt reverse 
in an edge of a pixel" penetrates into the display area at a distance of 
less than 1 (im in this embodiment. The quality of display does not 
effectively deteriorate and the contrast ratio obtained is about 100:1, 
so that an excellent ability of display can be obtained with a wide view 
angle. 

In this case, the distance between the pixel electrode (12) and the 
corner (28) in the rubbing direction (26) can be set to be smaller than 
15 \im, even if the size of the pixel electrode (12) itself is totally 
decreased. Under such a condition, however, the magnitude of aperture 
in the field of view is greatly reduced, so that the utilization of such 
a structural arrangement is not practically suitable. Of course, it is 
preferable that the signal line (28) is lack of the part corresponding 
to the corner (27) at the rubbing start position, as in this embodiment. 
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